IntrODuCtIOn
National quality registry studies have been presented as a complement to randomised controlled trials (RCTs). Registry-based studies usually require less financial resources and enable data collection from large-scale patient cohorts without the unavoidable selection bias among those enrolled into clinical trials and most often carry valid statistical power. Databases with long-term follow-up open up for conduct of studies focusing on rare events harms and effects occurring late in the clinical course. There are several instances where registry-based studies have improved the management of patients, for example, in the treatment of non-ST-segment elevation acute coronary syndrome, 1 the elimination of substandard orthopaedic prostheses from clinical use 2 and the effects of different surgical approaches and suture materials on the outcome of hernia surgery. 3 4 Accordingly registry studies can address clinical questions that due to statistical power issues, time and financial constraints would never have been studied under the design of a RCT such as the value of intraoperative cholangiography in preventing bile duct injury in association with gallstone surgery 5 6 with data from the Swedish Registry for Gallstone Surgery and ERCP (GallRiks) or the question whether and why women with inguinal herniorrhaphies have a significantly higher reoperation rate compared with men (data from the Swedish Hernia Registry). 7 Furthermore, in a RCT published in Lancet 2016, the outcome of strengths and limitations of this study ► The prospectively collected data from over 90% of the registered cholecystectomies and endoscopic retrograde cholangiopancreatography in nearly all Swedish hospitals is a major strength of this study. ► Data reported by the medical professional performing the procedure always have the inherent risk of being subjected to certain bias. However, the 30-day follow-up data are collected by coordinators that have not met the patients. ► Another limitation of this study is that it presents data from a period of 9 years (2006-2014) where the national coverage rate increased from 73% to 90%.
Open Access closure of mesenteric defects in gastric bypass surgery was evaluated by analysing registry data from the Scandinavian Obesity Surgery Registry. 8 Thus, registry-based studies have a definite role in addressing many of the questions that arise in and have relevance for everyday clinical practice.
However, although population-based registry studies have high external validity, reflecting real-life data and the clinical routines as they are practised in the community at large, they are often hampered by the lack of uniform protocols and standardised routines for registering relevant data. This may skew the outcome since units, in which a limited awareness for quality of care is prevailing, may well report data with incomplete accuracy, leading to a risk for lower coverage concerning the registrations on adverse events by the participating units in the respective registers. Hence, such a heterogeneity in the validity of data may seriously limit the options for correct interpretations in respective outcome analyses.
Aims
To analyse the completeness in GallRiks of the follow-up frequency in relation to the intraoperative and postoperative outcome.
MethODs the swedish national registry for Gallstone surgery and endoscopic retrograde Cholangiopancreatography
The national Swedish Registry for Gallstone Surgery and endoscopic retrograde cholangiopancreatography (ERCP) 9 (GallRiks) was established on 1 May 2005 as a registry for cholecystectomy and ERCP procedures. 10 The aim of the registry is to obtain a comprehensive database of individuals subjected to these interventions, including information on patient demographics and the indications and outcomes of interventions. All data entering are online. The initial procedures, including information on perioperative complications, are usually registered by operating clinicians. At a 30-day follow-up, all medical records are reviewed for postprocedural adverse events and data are entered, usually by a local coordinator (nurse or a medical secretary). 10 If a 30-day follow-up protocol of a cholecystectomy or ERCP is not complete or is missing, it is noted by the system and these procedures can easily be assessed when analysing the data. GallRiks data are compared with patients' records on a regular basis by a dedicated independent validation team. A complete match between overall registry data and medical records has been reported in 98.2% of subjects with a 100% match for bile duct injury.
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Data extraction Data on cholecystectomy and ERCP procedures performed between 1 January 2006 and 31 December 2014 and entered into the GallRiks registry were assessed. Non-index procedures and procedures with incomplete data were excluded from the analysis. The complete 30-day follow-up frequency of cholecystectomy and ERCP procedures for individual units participating in the registry was calculated. We arbitrary chose the 90% limit for the 30-day complete follow-up in order to compare groups with sufficient number of procedures to reach enough statistical power to compare good follow-up (≥90%) with a less complete follow-up (<90%). Outcomes for perioperative and postoperative complications were studied.
Definitions
For the purpose of this paper, and in accordance with the descriptions in the GallRiks database, adverse events are defined and described per consensus agreement.
Cholecystectomy
Surgical removal of the gallbladder in patients with an indication for removing the organ including symptomatic gallstone disease, neoplasms and acalculous gallbladder conditions.
Endoscopic retrograde cholangiopancreatography
An endoscopic technique for transpapillary access to the common bile duct and/or pancreatic duct including accessing the mentioned ducts through biliodigestive or pancreaticodigestive anastomoses, with diagnostic or therapeutic intent.
Index procedures
The first cholecystectomy and/or ERCP-procedure for each patient per in-hospital treatment period.
Intraprocedural adverse events for cholecystectomy
Bile duct injury, gut perforation, bleeding requiring intervention or other complications that adversely affected the operation.
Intraprocedural adverse events for ERCP
Bleeding, extravasation of contrast, perforation or any other reason for the ERCP being terminated prematurely.
Postprocedural adverse events
Complications during the 30-day follow-up period that require some form of medical or surgical intervention, including readmission or death.
Pancreatitis
Abdominal pain and an elevated amylase at least three times above normal at a time point >24 hours after terminating the procedure, as defined by Cotton et al. 12 
Statistical analysis
Statistical analyses were performed using JMP V.12.2.0 (SAS, Cary, North Carolina, USA). Comparisons of patient and procedure characteristics are presented in contingency tables, with pairwise differences analysed with a Pearson χ 2 test. The influence of ≤90% follow-up on the risk of adverse events, pancreatitis and bleeding was analysed using multivariable logistic regression modelling. Each variable was tested in univariate and multivariate analyses for statistical significance, according to Open Access purposeful selection as described by Hosmer et al. 13 In the multivariate analysis, the outcome was adjusted for sex, age (treated as a continuous variable in the models but presented dichotomised into < or ≥ 60 years(median)), comorbidity dichotomised into ASA 1-2 and ASA 3-5, acute or elective procedure and indication. The models were tested for multicollinearity and effect modification and were finally assessed for goodness of fit. The effects of analysed variables are presented as ORs for adverse events with 95% CIs. For the cholecystectomy group, 20% of the hospitals had a 30-day follow-up frequency of <90% compared with 17% for ERCPs (figure 2). The demographics, physical status assessment and urgency of intervention of included patients are given in table 1. Patients who were operated on with a cholecystectomy or underwent an ERCP in centres with incomplete follow-up were older and had a higher ASA score compared with those with a more complete 30-day follow-up. The adverse event rates for cholecystectomy and ERCP (intraoperative and total postoperative, with pancreatitis and bleeding showed separately) are given in figure 3 . The overall total postoperative adverse event rate for cholecystectomies was significantly higher for the hospitals with a less complete Open Access 30-day follow-up. However, these differences disappeared when adjustments were made for sex, age, ASA-class and whether the operations were acute or scheduled (table 2) .
The overall total postoperative adverse event rate for ERCP during the study period was 13.2% and the pancreatitis frequency 3.8%. The incidence of these postintervention adverse event rates was rather stable over the study period, except for pancreatitis where a small but significant increase was noted (figure 3). The reported risk of post procedural complications as well as pancreatitis and bleeding per se after ERCP was significantly increased in those hospitals with a more frequent and complete follow-up, both in absolute terms and when adjusted for confounders (table 3) . The reported risk of postoperative adverse events, including post-ERCP pancreatitis, was nearly twice as high compared with the group with less complete follow-up. The risk of bleeding within the 30-day follow-up period was 38% higher in the group with a better follow-up. On the contrary, the risk of intraoperative adverse events was significantly reduced in the centres included in the ≥90% 30-day follow-up group (table 3) . The overall 30-day mortality of cholecystectomies and ERCP in this study was 2.3%. However, since mortality figures are automatically transferred to the register from the Swedish Central Death Register, they are not affected by the local routines and management of the reporting hospitals.
DIsCussIOn
The results of this study, analysing data from the nationwide Swedish Registry for Gallstone Surgery and ERCP (GallRiks), emphasise the importance of considering a thorough follow-up as an important confounder when analysing the outcome of registry-based studies. Furthermore, differences in the follow-up frequency seemed to have a greater impact as a confounder in the technically more complicated procedures like ERCP where Open Access complications like pancreatitis and cholangitis usually are detected postoperatively in contrast to cholecystectomies where the adverse events and complications usually are detected intraoperatively. Thus, since the ERCP procedures to a higher extent are marred by postoperative complications, the demands for a thorough and logistically well-designed follow-up organisation with adequate resources are mandatory.
strengths and limitations of the study
The prospectively collected data in GallRiks from >90% of the registered procedures in nearly all Swedish hospitals is a major strength of this study. The data registered in GallRiks have also been verified to have a high validity of >98%. 11 Another strength is that this report includes data from University Hospitals, County Hospitals, District Hospitals and private units as well. The quality of data has been a concern already from the start of the registry and is guaranteed by continuous quality controls of the data validity. However, due to financial and time constraints, this prospective and integrated part of the registry has to be limited to approximately 50 randomly selected, cross-matches between patient records and GallRiks registrations at each hospital completed every third year. Data reported by the medical professionals performing the respective intervention or data assessment always have the inherent risk of being subjected to certain bias. When analysing the results of quality registry data, factors like Open Access coverage of the relevant population by the registry data as well as the follow-up rate have to be taken into consideration. Another limitation of this study is that it presents data from a period of 9 years (2006-2014) where the national coverage increased from 73% to 90%. However, there is no systematic reason why the proportion of those with incomplete versus complete follow-up shall depend on the coverage rate as such. It must also be emphasised that, although we found significant differences between units with a high (≥90%) and units with <90% complete follow-up, the overall completeness must be considered excellent since only 4.0% of the cholecystectomies and 4.6% of the ERCPs have an incomplete follow-up. Nevertheless, the absence of uniform study protocols makes it impossible to fully guarantee overall quality of data in population-based registers. Even if these data are considered to have high external validity, the population-based registers may still produce some skewness of the data. The care for accuracy of reporting, and providing healthcare of high quality, may result in a positive correlation between self-reported adverse outcome and completeness of data. On the other hand, centres, where the quality of care is poorer, may also have insufficient routines for scrutinising treatment outcome. The only way of avoiding this is a meticulous validation of all registered data, preferably with careful selective assessment of data from units with low coverage as well as to provide continuous education and support from the registry to the participating units with less complete follow-up routines.
Comparison with other studies RCTs are considered one of the cornerstones of modern, evidence-based medical science. It is regarded as the most accurate method to answer key clinical questions and to offer the highest levels of evidence that can be translated into the strongest treatment recommendations.
14 However, RCTs are also associated with definite drawbacks and logistic challenges. 15 16 In addition, in the case of industry-funded research, and particularly so when study data are owned by the sponsoring body, study results that might have negative economic implications are sometimes withheld from publication, leading to publication bias. 17 Furthermore, the number of included patients necessary for creating sufficient power for testing of hypotheses in RCTs may preclude the completion of trials within reasonable time limits. 18 Moreover, treatment methods that in RCTs originating from large academic institutions from which excellent results are reported cannot always be repeated by and implemented in smaller and more resource-challenged facilities. It has also been shown that the outcome for patients excluded from randomisation often differs significantly from those enrolled in the randomised trial cohort. 19 Thus, registry-based studies can and shall be looked on as offering a complement to RCTs data, since they can more closely mirror the effect of a certain treatment-intervention in the entire population, given that good coverage is prevailing. 
Open Access
Several national quality registries have reported good coverage which is a prerequisite for a well-functioning quality registry, particularly so for cancer registries and in the paediatric population. 20 21 As for Sweden, there are 53 national quality registries that report their coverage to the Swedish National Board of Health and Welfare. 22 Of these 53 registries, 19 cover specific interventional procedures, for example, gynaecological operations, hip-replacement, hernia surgery, and cholecystectomy, to mention a few. The national coverage of these registries varies from 46% to 98%. In fact, some of these registries have a better coverage than the Swedish National Patient Registry (NPR) because many of the procedures are done by private hospitals that do not report to NPR as diligently as the government-funded hospitals.
Besides having good coverage, it is of vital importance for quality registries to contain valid data. Dedicated validation processes should be in place for assessing and reporting the correctness of the included data at regular intervals. The issue of a complete follow-up is especially challenging in registries with focus on the management of benign diseases, since these procedures do not have the same rigorous demands of a compulsory follow-up as those for malignant conditions.
The impact of the level of completeness of the follow-up for the validity of reported outcomes in registries covering benign conditions, has not been previously probed and elucidated in the literature. A survey by Rystedt et al, 11 based on the validation of GallRiks, showed a high completeness and correctness of entered data with an overall correctness of data of 98.2% and 100% for bile duct injuries. However, in this publication the completeness of the 30-day follow-up was not specifically addressed. There may also be a relative preponderance of smaller units among those with low completeness. It is often more difficult to organise standardised routines when the volumes are low. This could explain the relatively high completeness on the national level despite the very low completeness at a few hospitals.
The compelling finding of this paper is that the reported incidence of postoperative adverse events after ERCP is significantly lower in hospitals with an incomplete 30-day follow-up frequency (<90%) as compared with those with a more complete follow-up (≥90%). Although these results could mirror true outcomes, it is more likely to be the result of failure to report some of the adverse events by the hospitals with a less stringent documentation system for follow-up and/or a lack of coordinators. The coordinator has the liability, together with the GallRiks responsible surgeon, that the patient's data are registered and monitored. A contract is signed with the head of the department that ≥90% follow-up in GallRiks should be done. The agreement is broken at the units that have <90% 30-day follow-up.
These assumptions of less stringent reporting are supported by the finding that the reported incidence of intraoperative adverse events is significantly higher in the group with ≥90% 30-day follow-up, implying that hospitals with an immaculate and accurate information accrual system also follow-up patients more diligently and report adverse events to a higher degree. This discrepancy, where a less frequent 30-day follow-up significantly affected the reported outcome in ERCP but not in cholecystectomy could imply that the effect of a complete 30-day follow-up is more pronounced in procedures with a higher complication profile, since ERCPs have a more congested postoperative complication profile compared with cholecystectomies.
Conclusions and implications
Our findings may have significant general implications on how we shall interpret outcome data from registry studies. Differences in the follow-up rate seemed to significantly affect the reported outcome. The findings suggest that the validation process has to include the completeness of follow-up. Differences in the follow-up frequency in registries affect the reported outcomes as exemplified by the complicated endoscopic ERCP procedures. The study emphasises the importance of complete follow-up, since this variable may well act as a quality indicator for the respective registry.
Future research
Future research should focus on how the degree of complete follow-up in quality registers can correlate to more objectively and not self-reported quality indicators.
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